4)
and a tumor necrosis factor (TNF)-a releasing factor, 5) in addition to the a-linked oligomannosides.
3) It has also been reported that some mannosyltransferases (MTs) are important for the adhesion and virulence of C. albicans. [8] [9] [10] With the objective of clarifying the antigenicity of C. albicans cells grown in a patient's body, we first used body temperature (high temperature, 37°C) for Candida cell cultivation. It is known that the candidacidal activity of gamma interferon-activated peritoneal macrophages correlates well with the induction of highly activated phagolysosomes with low pH (Ͻ4.0).
11) Therefore we next used low pH (a typical acidified pH, pH 2.0) for Candida cell cultivation and found that mannans prepared from C. albicans serotype A and B strain cells cultured at high temperature (37, 40°C) and under acidic (pH 2.0) conditions in a liquid medium lost their reactivity against factor sera 5 and 6 in the Candida Check kit, 12, 13) and retained a-linked oligomannosyl side chains but contained neither a phosphate group nor a b-1,2-linked mannopyranose unit compared with cells cultured under standard conditions (27°C, pH 5.9) in the medium. [14] [15] [16] [17] [18] We reported on the biosynthetic process of the mannan side chains corresponding to the antigenic factor 4, the a-linked 3,6-branched series 19) ; factor 6, consisting one or two b-1,2-mannose residues at the nonreducing end of a-1,2-lateral chains of the mannan acid-stable region 20, 21) (Fig. 1) ; and factor 5, oligomannosyl side chains consisting of homologous b-1,2-linked series present in the mannan acid-labile fraction 16, 22) (Fig. 2 ) of C. albicans based on previous descriptions. It is important to determine the mechanisms of changes in the antigenicity, i.e., the mannan structures, of C. albicans cells grown under various conditions to diagnose candidiasis accurately.
In the present study, we measured the activity and stability of three MTs, b-1,2-MT II, 21) which participates in the biosynthesis of factor 6; a-1,6-MT, 23) which participates in the biosynthesis of factor 4; and the newly discovered b-1,2-MT VI-6, which participates in the biosynthesis of factor 5, to ascertain the mechanisms of the structural changes in the mannans in C. albicans cells cultured at high temperature and low pH.
MATERIALS AND METHODS
Strains and Cultivation C. albicans J-1012 (J-1012), serotype A, and C. albicans NIH B-792 (B-792), serotype B, strains were used in this study. The yeast cells were cultured for 12 h, 48 h, and 5 d under standard (27°C, pH 5.9), hightemperature (37°C), and acidic (pH 2.0) conditions in liquid yeast extract-added Sabouraud medium (YSLM) and glucose 500 mM-containing yeast nitrogen-based medium (YNBGlc). 6, 15, 18) Preparation of Mannans and Substrates Cell wall mannans from the yeast cells were prepared by a combination of extraction with hot water and short-term precipitation with Fehling solution.
24) The mannan fractions obtained from strain J-1012 cultured at 27°C for 48 h in YSLM (standard), at 37°C for 5 d in YNB-Glc, and at 27°C for 48 h in pH 2.0 YSLM were designated as mannans J-27-M, J-37-M, and J-2.0-M, respectively. The mannan fractions obtained from strain B-792 at 27°C for 48 h in YSLM (standard) and at 37°C for 48 h in YSLM were designated as B-27-M and B-37-M, respectively. The mannooligosaccharides used as the substrates were prepared from the mannans of the two yeast cells by acetolysis under conventional conditions. 24) Enzyme Preparation The enzyme fraction containing MTs from the yeast cells was obtained as follows. 21) J-1012 cells were cultured at 27 or 37°C for 10 h or 5 d in YSLM or YNB-Glc, and at 27°C for 10 h in YSLM or pH 2.0 YSLM. B-792 cells were obtained by culturing at 27 or 37°C for 10 h in YSLM. The yeast cells were resuspended in a specified buffer and homogenized with a Bead Beater using glass beads. The particulate enzyme fraction was obtained by centrifugation of the homogenate.
MT Activity The assay mixture containing the enzyme fraction, pyridylamino (PA)-oligosaccharide 5 mM, GDPmannose donor 20 mM, and Tris-maleate buffer 50 mM (pH 7.0), containing MnCl 2 20 mM and 0.3% (w/v) Triton X-100 in a total volume of 25 ml was incubated at 30°C. 21) Each fraction mixture was analyzed with HPLC using an Amide-80 column (Tosoh Co., Tokyo, Japan). The amount of the product was estimated based on its fluorescence intensity using PA-mannose as the standard. The substrates used were PA-Manb1-2Mana1-2Mana1-2Man-a1-2Man for b-1,2-MT II, PA-Mana1-3Man-a1-2Mana1-2-Mana1-2Man for a-1,6-MT, and PA-Manb1-2Manb1-2Man-b1-2Man-b1-2Manb1-2Man for b-1,2-MT VI-6. For the stability assay of the MTs, the enzyme fractions prepared from J-1012 and B-792 cells cultured for 10 h at 27°C were incubated at various temperatures for 24 h at 20°C and at various pHs in Trismaleate buffer 20 mM for 3 h at 20°C, and the residual activities were then measured. Data are expressed as mean values for triplicate measurements.
Nuclear Magnetic Resonance Spectroscopy The 1 H-NMR and 2D-HOHAHA spectra of the oligosaccharides were used for the identification of the structures.
RESULTS
Activity and Stability of a a-and b b-MTs in J-1012 Cells Cultured at High Temperature and Low pH a-1,6-MT activity for the synthesis of the a-1,6-linked branching mannose unit corresponding to antigenic factor 4 of the fractions prepared from J-1012 cells cultured at 37°C was retained compared to that at 27°C, whereas b-1,2-MT II activity for the synthesis of the oligosaccharide corresponding to that of antigenic factor 6 was detected in the 27°C fraction but not detected in the 37°C-5 d fraction (Table 1) . Results similar to those in the 37°C-5 d fraction were obtained in the fraction prepared from cells cultured at pH 2.0 (Table 1) .
Next, the stability-versus-temperature and pH of the two MTs prepared from cells cultured for 10 h at 27°C in YSLM was measured. We found that the b-1,2-MT II activity of the Candida cells was more sensitive to high temperature (Fig.  3 ) and low pH (Fig. 4) compared with a-1,6 -MT activity.
Activity and Stability of a a-and b b-MTs in B-792 Cells Cultured at High Temperature The a-1,6-MT activity of the fractions prepared from B-792 strain cells cultured at 37°C was retained compared with that when the cells were cultured at 27°C, whereas b-1,2-MT VI-6 activity was detected in the fraction of B-792 cells cultured at 27°C but not detected in the 37°C fraction (Table 2) . Next, the stabilityversus-temperature of the two MTs prepared from cells cultured for 10 h at 27°C in YSLM was measured. We found that b-1,2-MT VI-6 activity, similar to b-1,2-MT II activity, was more sensitive to high temperature compared with a-1,6-MT activity (Fig. 5) . These results revealed that both b- 
. Effects of Temperature on the Stability of J-1012 MTs
The enzyme solution was incubated at 27°C (ᮀ) and 37°C (). After 24 h, the residual activity of a-1,6-MT and b-1,2-MT II was measured. The activity of the enzymes at 4°C was assumed to be 100%.
1,2-MT (b-1,2-MT II and b-1,2-MT VI-6) activities examined in this study were inactivated by cultivation at 37°C and at pH 2.0.
DISCUSSION
It is known that the pathogenic fungus C. albicans significantly changes its cell-wall mannan structures, i.e., its antigenicity, when cultured under different conditions, such as temperature and pH. [14] [15] [16] [17] [18] We reported that the mannans (J-37-M and J-2.0-M) prepared from serotype A strain (J-1012) cells cultured at high temperature or low pH lost all of the b-1,2-linked mannose units and retained an a-1,6-mannose unit, unlike the mannan (J-27-M) prepared from cells cultured under standard conditions. 14, 15, 17, 18) In the case of serotype B strain (B-792) cells, the mannan (B-37-M) prepared after cultivation at high temperature lost most of the b-1,2-linked mannopyranose units in the acid-labile part and retained the a-1,6-mannopyranose unit in the acid-stable part, unlike B-27-M. 16) In this study, we tried to define the mechanisms of the changes in the mannan structures by measurement of the activity and stability of the a-and bMTs that are responsible for the biosynthesis of C. albicans mannans. Based on the present results, the changes in the antigenicity, or the mannan structures, in C. albicans cells cultured under various conditions (high temperature of 37°C, and low pH of pH 2.0) are dependent on the presence of b-1,2-MT activity, and the stability against temperature and pH of b-1,2-MTs, such as b-1,2-MT II and b-1,2-MT VI-6, contributes to these changes. Thus, the fact that the differences in both the activity and stability of a-and b-MTs reflect the changes in the mannan structures of C. albicans cells grown under various conditions may be a new finding in this field. We speculate that yeast, especially C. albicans, deletes the surface b-1,2-linked mannose overcoat of its cell-wall mannan in the cells, and survives in the a-mannan structures when encountering major changes in its environment. [14] [15] [16] [17] [18] We must investigate the systems for the synthesis and transport of MTs and substrates in addition to the stability of MTs to clarify fully the mechanisms of the changes in the mannan structures. It is reasonable to think that the specific mannan structure of C. albicans cells grown in a candidiasis patient's body acts as an important virulence factor. [1] [2] [3] [4] [5] [8] [9] [10] 25) Therefore, in the next stage, we need to study the mannan structure and MT activity of C. albicans grown in the body to perform an accurate diagnosis and determine effective therapy for candidiasis. The enzyme solution was incubated at various pH values. After 3 h, the residual activity of a-1,6-MT (᭺) and b-1,2-MT II (᭹) was measured. The activity of the enzyme at pH 7.0 was assumed to be 100%.
Fig. 5. Effects of Temperature on the Stability of B-792 MTs
The enzyme solution was incubated at 27°C (ᮀ) and 37°C (). After 24 h, the residual activity of a-1,6-MT and b-1,2-MT VI-6 was measured. The activity of the enzymes at 4°C was assumed to be 100%. 
